Alu elements are a highly successful family of primate-specific retrotransposons that have 27 fundamentally shaped primate evolution, including the evolution of our own species. Alus 28 play critical roles in the formation of neurological networks and the epigenetic regulation of 29 biochemical processes throughout the central nervous system (CNS), and thus are 30 hypothesized to have contributed to the origin of human cognition. Despite the positive 31 aspects of Alus, deleterious Alu activity is associated with a number of neurological and 32 neurodegenerative disorders. In particular, neurological networks are potentially vulnerable 33 to the epigenetic dysregulation of Alu elements operating across the suite of nuclear-encoded 34 mitochondrial genes that are critical for both mitochondrial and CNS function. Here, we 35 highlight the beneficial neurological aspects of Alu elements as well as their potential to 36 cause disease by disrupting key cellular processes across the CNS. We identify at least 37 37 neurological and neurodegenerative disorders wherein deleterious Alu activity has been 38 implicated as a contributing factor for the manifestation of disease and, for many of these 39 disorders, this activity is operating on genes that are essential for proper mitochondrial 40 function. We conclude that the epigenetic dysregulation of Alu elements can ultimately 41 disrupt mitochondrial homeostasis within the CNS. This mechanism is a plausible source for 42 the incipient neuronal stress that is consistently observed across a spectrum of sporadic 43 neurological and neurodegenerative disorders. 44 45
and Yang 2017). In light of the functional benefits that Alus provide primates, it is interesting 87 to note that Alu retrotransposition events occurred at an estimated 15-fold higher rate in the 88 human, chimpanzee, and bonobo lineage (as compared to other great apes) and a 2.2-fold 89 higher rate in humans when compared to chimpanzee and bonobo (Hedges et contributing to the diseased state (Table 1) . 129
Given the tight connection between Alu elements and the formation and function of 130 the nervous system, it is likely that the dysregulation of Alu elements contributes to many 131 sporadic or idiopathic neurological disorders observed across the global human population 132 ). Here, we highlight both the beneficial neurological aspects of Alu 133 elements as well as their potential to cause neurological disease. We focus on a novel 134 hypothesis that identifies a potential epigenetic vulnerability to neurological networks that 135 has likely escaped purifying selection. The Alu neurodegeneration hypothesis (sensu Larsen 136 et al. 2017 ) posits that the epigenetic dysregulation of Alu elements ultimately serves to 137 disrupt mitochondrial homeostasis in neurological networks, thereby setting the stage for 138 increased neuronal stress and neurodegeneration. Given this hypothesis, it is noteworthy that 139 many of the Alu-disrupted genes associated with neurological disorders are related to 140 mitochondrial function and trafficking, including nuclear-encoded mitochondrial genes (i.e., 141 mitonuclear) which help to regulate oxidative stress and metabolic processes in the CNS 142 (Table 1) . Mitochondrial dysfunction is implicated across the spectrum of neurological and 143 neurodegenerative disorders that are observed in humans and this pattern is suggestive of a 144 genetic vulnerability that has evolved in humans. Considering this, we begin by reviewing the 145 integral role that Alu elements have played in human evolution through brain-specific 146 epigenetic A-to-I RNA editing pathways and neurological network formation. Although these 147
Alu-related processes are hypothesized to have contributed to the origin of human cognition, 148 they are likely accompanied by age or stress-related vulnerabilities to the CNS, with 149 mitochondrial pathways being especially sensitive. 150 Table 2 ). In light of these patterns, we hypothesize 476 that system-wide or tissue-specific epigenetic dysregulation of Alu A-to-I editing within the 477 CNS can serve to disrupt key mitochondrial biochemical processes, thus potentially 478 contributing to incipient mitochondrial and neuronal stress (Figure 3) . 
